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Summary
Background: The Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index is a previously described self-administered
questionnaire covering three domains: pain, stiffness and function. It has been validated in patients with osteoarthritis (OA) of the hip or knee
in a paper-based format.
Aim: To validate the WOMAC 3.0 using a numerical rating scale in a computerized touch screen format allowing immediate evaluation of the
questionnaire. In the computed version cartoons, written and audio instruments were included in order facilitate application.
Methods: Fifty patients, demographically balanced, with radiographically proven primary hip or knee OA completed the classical paper and
the new computerized WOMAC version. Subjects were randomized either to paper format or computerized format first to balance possible
order effects.
Results: The intra-class correlation coefficients for pain, stiffness and function values were 0.915, 0.745 and 0.940, respectively. The
Spearman correlation coefficients for pain, stiffness and function were 0.88, 0.77 and 0.87, respectively.
Conclusion: These data indicate that the computerized WOMAC OA index 3.0 is comparable to the paper WOMAC in all three dimensions.
The computerized version would allow physicians to get an immediate result and if present a direct comparison with a previous exam.
© 2002 OsteoArthritis Research Society International. Published by Elsevier Science Ltd. All rights reserved.
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The Western Ontario and McMaster Universities (WOMAC)
Osteoarthritis Index was developed for standardized
assessment of osteoarthritis (OA) symptoms in hip and/or
knee joints1. It is composed of 24 questions covering three
dimensions: pain (five questions), stiffness (two questions)
and function (17 questions). The WOMAC OA Index has
been extensively tested for validity, reliability, feasibility and
responsiveness for measuring changes after different OA
interventions2,3.
Consensus was reached at the third conference on
outcome measures in rheumatoid arthritis clinical trials
(OMERACT III). An OA research society (OARSI) task
force dealing with outcome measurement in OA clinic trials
decided that the WOMAC OA Index as a disease specific
questionnaire is recommended for core set assessment in
OA clinical trials for knee and hip OA4.
In the present study we used a simplified computer touch
screen format that could be applied in senior citizens or
non-computer skilled individuals by offering a multimedia479presentation: cartoon, written and spoken (Fig. 1). We
hypothesized that this method is a reliable way for assess-
ing the WOMAC if compared with the original paper ver-
sion. The scaling of the computerized WOMAC in a
previous study5 was a visual analog scale. In contrast we
used the same questionnaire but answered a numeric
rating scale format.
The development of a computer version of the WOMAC
index application was of research and clinical interest. This
application could improve the quality of data collection in
clinical trials by computer-based direct data harvesting. In
addition it could simplify its use both in the research setting
and in daily clinical practice.Received 23 August 2001; accepted 24 January 2002.
Address correspondence to: Theiler R. M.D., Rheumatology
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Fifty consecutive seen outpatients with radiographically
proven primary OA were invited to complete both a paper
format and a computerized touch screen format of the
WOMAC OA Index. The demographics of these patients
can be seen in Table I. The following inclusion criteria were
employed: symptomatic OA at least in one joint of the lower
limb with symptoms lasting for at least 3 months and ability
to comprehend the German language. Exclusion criterion
was prior joint replacement on the study joint.
480 R. Theiler et al.: Validation of a computerized WOMAC versionPatients either completed the paper form first or the
computerized version first. The mean time interval between
completing the computerized version and the paper format
of the WOMAC OA Index was 16 min. Patients were not
able to see their prior scores. The German paper version of
WOMAC 3.0 OA Index using a numeric rating scale format,
which has been validated, was used6. For the computer-
ized version audio and visual cues were presented on a
34.3 cm diameter screen. The questions were answered by
touching one of the squares of the numeric rating scale on
the computer screen. By using five buttons on screen the
patient could get help and was able to move one question
forward or backward. It was not possible to leave one
question unanswered. Furthermore the help function self
activated after 15 s inactivity and presented the next poss-
ible steps to the patient. The software was developed by a
private programming company, as was the purpose built
touch screen computer. This data capturing method was
called the QUALITOUCH method.The numeric rating scale scores 0 (best) and 10 (worst)
health. Therefore,the maximal aggregated score for pain,
stiffness and function was 50, 20 and 170, respectively.
A block randomization with a block size of four was used
for creating the two groups. Descriptive statistics included
the mean of the aggregated scores, the standard deviation
and the mean difference between the scores of the paper
and computerized version. Agreement was assessed using
intraclass correlation of Spearman’s rank correlation
coefficient.Fig. 1. The screen display of the question 4. Translation: Wie stark sind Ihre Schmerzen beim Sitzen oder Liegen?=How much pain do you
have in sitting or lying. Keine Schmerzen=no pain. Extreme Schmerzen=extreme pain. Zuru¨ck=back. Wiederholen=repeat question.
U}berspringen-next.Table I
Demographie: validation WOMAC NR 3.0
Male 29 patients
Female 21 patients
Age (range) 61 (34–79) years
Knee right 12 joints
Knee left 10 joints
Hip right 8 joints
Hip left 9 joints
Knee both side 5 joints
Hip both sides 5 joints
Mean time difference
between completing the forms
15 minResults
Fifty patients completed both versions of the question-
naire. There were 21 female and 29 male with a mean age
of 50.5 years (range 34–79). Age and gender was balanced
between the groups. The means and standard deviations
(S.D.) of WOMAC scores for the (P) and (C) formats as well
as the mean difference and S.D. of the difference between
the two formats are shown (Table II). No statistically signifi-
cant differences were observed for aggregate pain (P=0.9),
stiffness (P=0.6) and physical function (P=0.9) subscale
sores using the two versions of the questionnaire.
The relative (%) differences in mean scores based on
scale length ((WOMAC-C−WOMAC-P/scale length]×100),
were 0.07 for pain, 2.18 for stiffness and 0.42 for physical
function. A tendency towards zero scores was observed in
the three different sections of the WOMAC index. Criterion
validity, assessed and based on aggregate subscale
scores between the two formats, was excellent (Table II).
No order effects were observed.
Following standardized instructions, no patient had sig-
nificant difficulty completing the task, although majority had
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Descriptive statistics for WOMAC-P and WOMAC-C based on aggregated subscale scores
WOMAC
subscale
Mean
score
S.D. Mean
score
difference
S.D. of
difference
t-test
P value
ICC
Pain
WOMAC-P 15.64 10.3 0.04 4.28 0.98 0.91
WOMAC-C 15.68 10.4
Stiffness
WOMAC-P 8.28 5.4 0.48 3.76 0.65 0.74
WOMAC-C 7.80 5.0
Function
WOMAC-P 53.8 36.8 0.78 12.42 0.91 0.94
WOMAC-C 54.5 35.9
S.D.: standard deviation.
ICC: intra class correlation.no prior experience in working with the computer. All
completed the tasks in 10–15 min.Discussion
The WOMAC questionnaire is a frequently used out-
come measure in patients with lower limb OA. To our
knowledge this is the first published report about a touch
screen version of the WOMAC questionnaire. The present
study shows that the touch screen format is reliable if
compared with the original paper version.
In this computerized WOMAC format the questions
are shown in a cartoon, written and spoken. This
QUALITOUCH method could improve and facilitate the
patient’s understanding. The questions are answered by
touching the screen directly. Thereby neither keyboard nor
mouse is necessary for working with this computer. This
may be important if non-computer skilled persons or senior
citizens are using the computerized version of the WOMAC
questionnaire.
Future applications are seen in the establishment of
regional, national or international databases of OA patients
by connecting the computer to an Internet application. In
daily clinical practice patients could be asked to do the
WOMAC index on the portable computer while waiting for
e.g. a physiotherapy assessment. The immediate evalu-
ation with a graphical display could be used as a patient
education tool in the process of rehabilitation, especially if it
is used in a longitudinal perspective to track the long-term
outcome. In addition the computer version might be a tool
for future quality management projects e.g. in orthopedic
surgery.
In conclusion, the computerized version of the WOMAC
seems to be a valid and feasible instrument for outcome
measurement in clinical OA trials.Acknowledgments
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